Neighborhood Influences on Girls' Obesity Risk Across the Transition to Adolescence
WHAT'S KNOWN ON THIS SUBJECT: The built environment may affect weight status by presenting opportunities or barriers for exercise and nutritious eating. Although there is substantial cross-sectional evidence linking neighborhood factors and childhood obesity, causal uncertainty remains, owing to conceptual and methodological challenges.
WHAT THIS STUDY ADDS:
This prospective study examined neighborhood influences on obesity during the transition to adolescence, a sensitive period for excess weight gain. Girls living in neighborhoods characterized by physical disorder or increased access to food and service retailers exhibited higher obesity risk.
abstract BACKGROUND AND OBJECTIVES: The neighborhoods in which children live, play, and eat provide an environmental context that may influence obesity risk and ameliorate or exacerbate health disparities. The current study examines whether neighborhood characteristics predict obesity in a prospective cohort of girls.
METHODS:
Participants were 174 girls (aged 8-10 years at baseline), a subset from the Cohort Study of Young Girls' Nutrition, Environment, and Transitions. Trained observers completed street audits within a 0.25-mile radius around each girl's residence. Four scales (food and service retail, recreation, walkability, and physical disorder) were created from 40 observed neighborhood features. BMI was calculated from clinically measured height and weight. Obesity was defined as BMI-for-age $95%. Logistic regression models using generalized estimating equations were used to examine neighborhood influences on obesity risk over 4 years of follow-up, controlling for race/ethnicity, pubertal status, and baseline BMI. Fully adjusted models also controlled for household income, parent education, and a census tract measure of neighborhood socioeconomic status.
RESULTS: A 1-SD increase on the food and service retail scale was associated with a 2.27 (95% confidence interval, 1.42 to 3.61; P , .001) increased odds of being obese. A 1-SD increase in physical disorder was associated with a 2.41 (95% confidence interval, 1.31 to 4.44; P = .005) increased odds of being obese. Other neighborhood scales were not associated with risk for obesity.
CONCLUSIONS: Neighborhood food and retail environment and physical disorder around a girl' s home predict risk for obesity across the transition from late childhood to adolescence. Pediatrics 2014;134:942-949 Dr Hoyt created the analysis plan, conducted the analysis, and drafted the manuscript; Dr Kushi is the principal investigator of the CYGNET Study, contributed to the design of the ancillary CYGNET Neighborhood Study, and critically reviewed the manuscript; Dr Leung and Ms Nickleach helped to design the study' s statistical methodology, calculated the neighborhood scales, conducted preliminary analyses, and critically reviewed the manuscript; Dr Adler is co-Investigator of the ancillary CYGNET Neighborhood Study, contributing to the design and implementation of the street audit data collection, and she critically reviewed the manuscript; Dr Laraia obtained the census variables, derived the Neighborhood Deprivation Index using these measures, and critically reviewed the manuscript; Dr Hiatt is principal investigator of the Coordinating Center for the Breast Cancer and the Environment Research Program that coordinates the 3 study sites, of which CYGNET is 1, following cohorts of girls as they transition through puberty. Dr Hiatt is also co-Investigator of the CYGNET Neighborhood Study. He contributed to the design of the street audit data collection and critically reviewed the manuscript; Dr Yen is the principal investigator of the ancillary CYGNET Neighborhood Study, she directed the collection of the street audit data, oversaw the calculation of the neighborhood scales, helped with data analysis and interpretation, and contributed to writing and revising the manuscript; and all authors approved the final manuscript as submitted. Accepted for publication Aug 21, 2014 The neighborhoods in which children live, play, and eat provide an important environmental context that may influence obesity risk. Although recent reports imply that rising rates of youth obesity have plateaued in the last decade, [1] [2] [3] [4] a new study suggests that the overall trend masks a significant and growing socioeconomic status (SES) disparity in obesity among US adolescents: since 2002, obesity has begun to decline among higher SES youth, but continues to increase among low SES youth. 5 These findings highlight the pressing need to identify environmental factors that contribute to the high prevalence rates (eg, 17% of youth aged 12-19 years) and to the increasing SES disparity in adolescent obesity. 6, 7 Contextual, poverty-related indicators such as neighborhood deprivation 8, 9 and lower perceived neighborhood safety 10, 11 are positively associated with children' s BMI and weight status. Conversely, children living in high-income neighborhoods have greater access to physical activity resources than children in low-income areas. 12 Additional evidence suggests that built environment features predict children' s weight status independent of SES, with the presence of convenience stores and fast-food outlets associated with increased obesity risk and higher BMI, 13, 14 and neighborhood walkability related to reduced obesity risk. 15 However, other studies have found that direct effects of neighborhood environment on obesity are minimal when sociodemographic factors are taken into account. 16, 17 Despite growing interest in environmental influences on health, most research investigating neighborhood characteristics and childhood obesity is cross-sectional, making it difficult to infer causality, and uses commercial or business databases to measure neighborhood elements, which may not capture the quality of youths' most proximal environments. 18 Additionally, few studies have examined the relationship between neighborhood characteristics and obesity during the transition to adolescence, a developmental period of accelerated growth and physical change second only to infancy. 19 Adolescent girls gain an average of 24 pounds during puberty, with a peak weight velocity of 18 pounds/year around age 12.5 years. 19, 20 These dynamic changes in body size and shape may evoke a sensitive period for excess weight gain, especially among girls. [21] [22] [23] The current study seeks to address these limitations by investigating whether directly measured neighborhood characteristics predict obesity among early adolescent girls across 4 years of development. We hypothesized that the food environment (eg, presence of fast-food outlets) and neighborhood economic deprivation would increase the risk for obesity, whereas access to recreational resources or neighborhood walkability would be associated with lower risk for obesity. Furthermore, we hypothesized that these neighborhood features within girls' immediate environments would predict obesity risk above and beyond family and neighborhood SES.
METHODS

Participants and Procedures
The studysample comprisedparticipants enrolled in the Cohort Study of Young Girls' Nutrition, Environment and Transitions (CYGNET Study). The CYGNET Study is a prospective cohort study examining environmental exposures associated with differences in the age-at-onset of pubertal development, and is funded under the Breast Cancer and Environment Research Program of the National Institute of Environmental Health Sciences and the National Cancer Institute. 24 In 2005, 444 girls were recruited through the Kaiser Permanente Northern California (KPNC) Infant Cohort File, a database containing information on all live births occurring in KPNC facilities.
Eligibility included being female, age 6 or 7 years at time of recruitment, member of KPNC, resident of Marin County, San Francisco, or selected East Bay Communities at time of recruitment and at birth, and not intending to move from the area in the near future. Girls having a pre-existing medical condition known to influence puberty or a psychiatric condition that could potentially limit study participation were excluded. CYGNET Study participants have been followed with annual clinical visits, during which anthropometric measurements and pubertal stage evaluations were collected by trained clinic staff. 25 Each visit also included an interview with the primary caregiver about demographic factors, chemical exposures, general health, psychosocial factors, and residential history.
Participants for the current study were a subsample of CYGNET Study participants who were randomly selected to participate in an ancillary study of the built environment (n = 215). This study was initiated in the third year of data collection (2007) (2008) , when the girls were aged 8 to 10 years (hereafter referred to as the baseline visit). Inperson street audits were conducted within girls' residential neighborhoods using a modified version of the St Louis Audit Tool. 26 Trained street observers were provided a map with a 0.25-mile circle around each girl' s residence, with random selections of every third street segment highlighted. A street segment was defined as the length of the street to the nearest crossroad or major curve, and the number of street segments observed per girl was dependent on the length and density of the streets within each neighborhood. The street observers completed 1 audit form for both sides of each highlighted street segment. An average of 10.6 segments was observed per girl. To ensure accuracy between observers, different observers audited 246 duplicate street segments. Thirty discrepancies were found among 16 728 audit tool items, yielding a 0.2% disagreement rate.
The analytical sample for the current study was restricted to girls with neighborhood assessments for their baseline address,* baseline clinical and questionnaire data, and at least 1 year of follow-up data † (n = 174). Parental consent and child assent were obtained from all study participants. The Institutional Review Boards at both the University of California, San Francisco and KPNC approved all study procedures.
Measures
Outcome BMI was calculated as the ratio of weight in kilograms over height in meters squared. Weight was measured without shoes or socks, using a calibrated digital Tanita scale TBF 300A and height was measured using a fixed stadiometer. BMI z scores, the number of SD units that the BMI deviates from the mean reference value, were calculated based on age-and gender-specific standards from the Centers for Disease Control and Prevention, with BMI $95th percentile defined as obese.
Neighborhood Scales
Neighborhood audit data were averaged across the number of street segments observed per girl, to preserve the unit of observation as the individual. Each mean was dichotomized with the value of 1 if the targeted attribute was visible on any observed street segment and 0 if not visible. To reduce dimensionality of the neighborhood data, a rigorous factor analysis was performed on 40 observed neighborhood features. Details on this exploratory factors analysis and the resulting neighborhood scales are explained in a previous publication from our research team. 27 Four scales were examined in the current study: (1) food and service retail (included chain fastfood restaurant; supermarket; other convenience food restaurant; laundry or dry cleaners; full-service restaurant; coffee shop); (2) recreation (included park; walking or hiking trails; sports/ playing field, basketball courts or tennis courts); (3) walkability (included street shoulders or wide outside lanes; curb bulb out/curb extension; traffic circle/roundabout); and (4) physical disorder (included garbage, litter, or broken glass on sidewalks or streets; graffiti on buildings). A higher score in any of the scales indicated a greater presence of those attributes around each girl' s home. Because every scale had a different number of factors and numeric range, each neighborhood scale was standardized (mean = 0; SD = 1) before analysis.
Neighborhood and Family SES
The following 8 variables were used to create an empirical summary of neighborhood SES from the 2000 Census: percent of individuals who had income below poverty level; percent of families who had female-headed households with children age ,18 years and no husband present; percent of households with incomes under $30 000/year; percent of households with public assistance income; percent of people age $16 years in civilian labor force who are currently unemployed; percent of males in management; percent of all persons age $25 years who had less than a high school degree; and percent of households with .1 person per room. Following procedures set out by Messer and colleagues, the authors fit a principal-components analysis to obtain the item loadings, which were used to weigh each census variable' s contribution to the first principal component. 28 The first component (a = 0.93) was standardized to create an individual neighborhood SES scale for each girl based on her census tract.
We also assessed 2 measures of family SES: household income and parent/ guardian education level. Caregivers reported annual household income at baseline according to the following categories: ,$25 000; $25 000 to $49 999; $50 000 to $74 999; $75 000 to $99 999; $$100 000. They also reported the educational attainment for the primary financial provider in the household, which was then collapsed into 5 categories: high school or less; some college or vocational training; associate' s degree; bachelor' s degree; master' s or doctoral degree.
Additional Covariates
Caregivers also reported each girl's race/ethnicity (non-Hispanic white, African American or black, Hispanic or Latina, and Asian American) and household size (number of people currently living in the child's home) at baseline. Pubertal development was assessed by clinical examination using the widely used scales developed by Tanner and colleagues. 29, 30 The initiation of puberty in girls is coincident with the activation of 2 independent systems: gonadarche and adrenarche. 24 Specially trained research assistants under the supervision of a pediatric endocrinologist examined youth for Tanner breast stage (a representation of gonadarche in girls) and pubic hair development (a physical manifestation of adrenarche). Girls were categorized as either prepubertal (Tanner stage 1) or pubertal (Tanner stages 2-5) at baseline, for both breast and pubic hair stage.
Analysis
Logistic regression models were used to examine the association between neighborhood characteristics at baseline (2007) (2008) ) and the risk for obesity over 4 years of follow-up (through 2011-2012). Analyses were clustered within person using generalized estimating equations to correct for multiple time points per participant (each girl may have up to 4 observations after her baseline measure). ‡ The exposures of interest were the 4 neighborhood scales, each of which were examined separately.
Using updated address records (collected as part of each wave of data collection to identify girls who moved over the course of the study), we also replicated analyses excluding observations that occurred after a participant moved, as a robustness check. All statistical analyses were conducted by using SAS 9.4 (SAS Institute Inc, Cary, NC), statistical tests were 2-sided, and significance was determined at P , .05.
RESULTS
Characteristics of the study population at baseline are presented in Table 1 . The sample is 20% African American, 22% Hispanic/Latina, 12% Asian, and 46% non-Hispanic white. Just over half (55%) of the girls lived in households with at least 1 collegeeducated caregiver. Girls' mean age was 9.3 years (SD = 0.44) and most had not yet entered puberty, as indicated by breast (63% prepubertal) or pubic hair (72% prepubertal) stage 2 or greater. The average baseline BMI z score was 0.36 6 1.07 SD above the national mean, with 14% of girls classified as obese.
The first set of models in Table 2 presents the results of logistic regression analyses for obesity, controlling for baseline BMI z score, stage of pubertal development, race/ ethnicity, total number of street segments observed per girl, and the year of the outcome measure. Both the food and service retail scale (odds ratio = 2.40; 95% confidence interval [CI], 1.44 to 4.02; P , .001) and physical disorder scale (odds ratio = 2.53; 95% CI, 1.28 to 5.01; P = .008) predicted increased odds of obesity over the 4-year transition from late childhood to early adolescence. The second set of models also controlled for family SES (parents' education, household income, household size) and neighborhood SES (based on census tract). x In these fully adjusted models, a 1-SD increase on the food and service retail scale was associated with 2.27-fold higher odds of being obese in adolescence (95% CI, 1.42 to 3.61; P , .001). Similarly, a 1-SD increase in physical disorder was associated with 2.41-fold higher odds of Table 3 presents the same analyses in which observations occurring after a participant moved (n = 59 observations from 27 girls) were excluded. We found a very similar pattern of results, with both food and service retail and physical disorder associated with more than twice the odds of becoming obese across the transition to adolescence.
DISCUSSION
Although changes in body size, shape, and composition during adolescence are expected and healthy, previous research suggests that these rapid and dynamic processes initiate a vulnerable period for excess weight gain. 21, 22 Obese adolescents are more likely to become obese adults 31, 32 and obesity during adolescence predicts adult morbidity, independent of the effects of adolescent weight on adult weight. 33 The current study examined whether characteristics of the neighborhood environment are associated with the progression of obesity in girls across the transition from late childhood to early adolescence. We found that living in a neighborhood with a higher density of food and service shops, or characterized by physical disorder, was associated with increased probability of progressing toward obesity in adolescence. These effects were independent of various factors, including household income and neighborhood SES.
A substantial body of cross-sectional evidence suggests that the consumption of energy-dense foods sold by convenience and fast-food retailers is likely to be important in the etiology of obesity. 13, 14, [34] [35] [36] [37] Exposure to these retail options in the immediate environment may be an especially important predictor of unhealthy weight gain for emerging adolescents. During this period of maturation, youth experience growing autonomy related to food choice and spend more time out of their home, but are not yet able to drive or stray far from home. 38 Food choices in their neighborhood are thus likely to consist of a major portion of their discretionary food intake. Adolescents may also rely on unhealthy food retail outlets owing to taste preference for high-fat foods, convenience, and low cost. 39 Although neighborhoods characterized by food retail shops may also include access to potentially healthy foods available at supermarkets, local grocery stores often have a poor assortment of fresh produce and low-fat options and charge higher prices than the large, chain grocery stores in suburban areas. 40, 41 Neighborhood physical disorder was also found to contribute to development of obesity during emerging adolescence. Although living in a neighborhood with highway overpasses, graffiti, and litter is associated with poverty, we also accounted for household income and census tract SES, and found that the effect of neighborhood physical disorder on increased risk for obesity remained. Garbage and traffic on local streets and graffiti on local buildings may discourage physical activity by increasing perceived danger in public places and reducing a sense of neighborhood social cohesion that may attract outdoor play. 42 Neighborhood disorder may also increase the risk for obesity by elevating levels of psychological distress, which then leads to chronic activation of the physiologic stress response and increased food energy intake. 43, 44 Neither the neighborhood walkability scale nor the recreation scale was related to obesity risk in our study. Although these neighborhood characteristics are presumed to reduce obesity risk owing to increased physical activity or time spent outdoors, a more walkable neighborhood may not promote healthy behaviors if the streets and sidewalks are characterized by physical disorder (as described above). Additionally, although there is evidence that the presence of recreation equipment and parks promotes physical activity, it is possible that the school environment plays a larger role than the home environment in providing recreational opportunities for youth through physical education classes, school sports teams, and training facilities. 22, 45 Finally, the neighborhood walkability and recreation scales may be less influential for females compared with males. Previous research suggests that girls spend more of their leisure time indoors than boys, and are less likely to engage in outdoor play or use public resources in the neighborhood, 46, 47 which may be tied to gender socialization or maturational status (eg, girls feeling discomfort or embarrassment related to puberty, which may deter active, outdoor play). 48, 49 Our findings that the presence of food and service retailers and physical disorder in the neighborhood are associated with increased probability of subsequent obesity are striking. However, as CYGNET Study participants were members of KPNC at birth and at time of recruitment, they likely represent a more stable population than the general Bay Area populace. It is not clear how residential stability itself is associated with risk for obesity. As study participants were from families who had health insurance and access to health care, they also represent a somewhat selective population. Neighborhood characteristics were observed at only 1 time point (baseline). We therefore do not have data on neighborhood changes over time. To investigate this limitation, analyses were repeated on a random subset (10%) of girls who did not change residences between the first 2 years of the study, to ascertain how much neighborhoods change from year to year. Other than variables where there would be day-to-day variability (eg, trash), other variables (eg, playgrounds, food stores, other retail establishments) did not change from one year to the next.
Although the above considerations suggest caution in interpreting study results, this study has considerable strengths. We used direct observations to characterize the neighborhood environment. BMI and pubertal status were collected through standardized clinical measures on a repeat basis. This enabled analysis using a longitudinal design to measure the influence of neighborhood factors on risk for progression to obesity across 4 years of follow-up.
CONCLUSIONS
In this prospective study, we found that girls who live in neighborhoods with increased access to food and service retailers and more physical disorder had a higher likelihood of becoming obese during the developmental transition from childhood to adolescence. These findings have important implications for future research, practice, and policy on childhood obesity, highlighting the need to consider neighborhood factors in youths' most proximal residential environments. Evaluating children's neighborhood characteristics within the health care setting would give pediatricians and other clinicians important, contextual knowledge about environmental influences on health that can be addressed directly in devising health plans. For example, youth who live in neighborhoods characterized by physical disorder could plan to spend extra time at school or another supervised setting, where they may be more inclined to play outdoors. Or health coaches can work with families to seek out alternative food options in areas where tempting and convenient unhealthy options are prevalent. Overall, clinicians can provide better guidance with an understanding of the contextual forces at play. Therefore, future efforts to reduce childhood obesity must address not only individual-level behaviors and family-level practices, but also consider design and planning characteristics of environments that may promote or threaten healthy development.
